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NU I  T I II   
 

ECNOC NGISED ,SISYLANA P  DNA ST P ICNIR P  SEL  
 

P dna stpecnoC ngiseD r :selpicni   
• paM  t eh  fni or am tion rf om t eh  a ylan s si  mo led  to t eh  de ngis  serper entatio sn  - ad ta ed sig ,n  

hcra i larutcet  retni ,ngised f larudecorp ,ngised eca   ngised  
ot sisylanA  :ngiseD   

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 ngiseD M sledo  – :1   
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• eD ataD s ngi   
– detaerc  yb  t fsnar or gnim  t eh  ad ta d ci tio an ry a dn  DRE  ni to mi plementat noi  dat  a  

 serutcurts  
– uqer i tnetta hcum sa ser i rogla sa no i  ngised mht  

• Ar utcetihc r ngiseD la   
– ed r devi  rf om eht  ylana s si  mo led  dna  t eh  subs sy t me  ni t care tio sn  de denif  ni  t  eh  

DF  D  
• I afretn ec  eD s ngi   

–  devired f  DFC dna DFD mor  
– tacinummoc stnemele erawtfos sebircsed i w no i  ht  

• os rehto f e erawt l  stneme  
• s rehto y  smets  
• hum u na s  sre  

 ngiseD M sledo  – 2 :  
• erudecorP -l sed leve i  ng  

– detaerc  yb  t ofsnar r gnim  the st cur t laru  mele ents de nif ed yb  t eh  soft  eraw  
rcsed larudecorp otni erutcetihcra i tp i oc erawtfos fo sno m  stnenop  

– ni morf devireD f ro m ta i  DTS dna ,CEPSC ,CEPSP eht ni no  
lpicnirP ngiseD es – :1   

• uohs ssecorP l siv lennut morf reffus ton d i  no – snoc i a red l  sehcaorppa evitanret  
• D lana ot elbaecart eb dluohs ngise y  ledom sis  
•  leehw eht tnevnier ot yrt ton oD  
- sed esu i rettap ng n  s i basuer e l oc e m op nen  st  
• uohs ngiseD l bihxe d i inu htob t f mro i targetni dna yt i  no  
• uohS l ca ot derutcurts eb d c mo m  segnahc etado  

lpicnirP ngiseD e  s – 2 :  
• doc ton si ngiseD i  gnidoc dna gn i  ngised ton s  
• dluohS  eb  derutcurts  ot  edarged  neg t ,yl  nehw  bad ad t ,a  neve t ,s  or o arep t gni  conditio  sn  

e era n uoc n  deret  
•  dessessa eb ot sdeeN f lauq ro i  sa yt i  t i  detaerc gnieb s  
• ver eb ot sdeeN i pecnoc eziminim ot dewe tnames( laut i  srorre )c  

 stpecnoC ngiseD -  1 :  
• artsbA cti  no  

– lla o sw  srengised  to fo suc  on solv gni  a rp o lb em witho tu  be gni  co denrecn  abo  tu  
erri l  tnave l  rewo l  sliated leve  

rP o larudec  sba t car tion si  a deman  ecneuqes  of sni t cur tio sn  t tah  sah  a eps c cifi  a dn  imil te  d  
cnuf t  noi  

 rood a nepo g.e  
a seilpmi nepO  s larudecorp fo ecneuqes gnol t  spe  

si noitcartsba atad   tcejbo atad a sebircsed taht atad fo noitcelloc  
t rood g.e y  nemid,thgiew ,hcem gninepo ,ep  

 stpecnoC ngiseD -  2 :  
•  snrettaP ngiseD  

– csed r pi tion of a d ngise  st cur t eru  t tah  so sevl  a rap t ci u ral  design rp o lb em wit nih   a  
oc cificeps n  dna txet i  st i ppa nehw tcapm l  dei  

 stpecnoC ngiseD -  3 :  
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• hcrA erawtfoS i  erutcet  
– oc erawtfos eht fo erutcurts llarevo m aw eht dna stnenop y  ni s  erutcurts taht hcihw  
– s a rof ytirgetni lautpecnoc sedivorp y  mets  

 stpecnoC ngiseD -  4 :  
• rofnI m ta i H no i  gnid  

– ofni r am t noi  atad(  dna  )erudecorp  noc t denia  wit nih  a modu el  si  ani c issec b el   ot  
ni hcus rof deen on evah taht seludom f tamro i  no  

• F tcnu i nI lano edneped n  ec  
– deveihca  by leved op gni  modu sel  with lgnis e- im n ded  prup o es  dna  an a rev sion t  o  

tcaretni evissecxe i w no i  rehto ht m edo l  s  
 gnirotcafeR – : stpecnoc ngiseD   

• woF l  eht ni gnirotcafer senifed ]99WOF[ re f lo l  :rennam gniwo  
– cafeR" t gniro  si  t eh  rp o ec ss  of nahc g gni  a soft eraw  s sy et m ni  us ch a way t tah   ti  

do se  not la t re  t eh  xe t lanre  ivaheb or of t eh  co ed  ]ngised[  tey  rpmi o sev  its ni ternal  
urts c rut e.ǁ  

• os nehW f rotcefer si erawt i  rof denimaxe si ngised gnitsixe eht ,se  
– uder n ad n  yc  
– e ngised desunu l eme n  st  
– ciffeni ien yrassecennu ro t  rogla i ht m  s  
– urts atad etairporppani ro detcurtsnoc ylroop c  serut  
– yna ro  sed rehto i  ng f erroc eb nac taht erulia c det  sed retteb a dleiy ot ign  .  

stpecnoC ngiseD  –  4 :  
• bO j stce   

– spacne u al te both ad ta dna  ad ta pinam u al tion rp o serudec  dedeen  to csed r ebi  t  eh  
tne dlrow laer a fo roivaheb dna tnetnoc i yt  

• Cl  ssa  
– dezilareneg  d cse r pi t noi  (t me p al te or tap t )nre  t tah  csed r sebi  a co ll ection of  ralimis  

bo j  stce  
• rehnI i  ecnat  

– rp o sediv  a snaem  for a ll o gniw  su sessalcb  to esuer  e six t gni  repus c ssal  ad ta a  dn  
a ;serudecorp l  sedivorp os m gaporp rof msinahce a  segnahc gnit  

stpecnoC ngiseD  – 5:  
• seM sage  s  

– jbo hcihw yb snaem eht ni egnahcxe stce f tamro i w no i  rehtona eno ht  
• yloP m  msihpro  

– a em c msinah  t tah  a ll ows se rev al o jb ects ni  an c ssal  crareih hy to ha ev  d reffi ent  
w sdohtem i t ht h as e m an e m  e  

– ot dnopser ot eerf eb lliw ssalcbus hcae fo secnatsni  gnillac yb segassem  nwo rieht   
srev i fo no   eht m  dohte  

 
 noitaulavE ygolodohteM ngiseD raludoM – :1   

iraludoM t  y  
– t eh  eerged  to hcihw  soft eraw  can eb  u sredn tood yb  exa im n gni  its co pm onent  s  

fo yltnednepedni   rehtona eno  
• oced raludoM m libasop i  yt  

– nikaerb rof snaem citametsys sedivorp borp bus otni melborp g l  sme  
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• iliba sopmoc raludoM t  y  
–  gnitsixe fo esuer stroppus m s wen ni seludo y  smets  

•  ytilibadnatsrednu raludoM  
– m dnats a sa dootsrednu eb nac eludo -al nu eno i  t  

 noitaulavE ygolodohteM ngiseD raludoM – :2   
• iunitnoc raludoM t  y  

– m c eludo h edis egna -  deziminim stceffe  
• etorp raludoM cti  no  

– s rorre gnissecorp i ed -  deziminim stceffe  
udoM evitceffE l ra  Des ngi :  

• F tcnu i epedni lano n  ecned  
– m sehoc hgih evah seludo i  dna no l  gnilpuoc wo  

• sehoC i  no  
– tatilauq tacidni evi i hw ot eerged eht fo no i  a hc m udo l  no sesucof e j  gniht eno tsu  

• puoC li  gn  
– ilauq tat evi  acidni t noi  fo  t eh  eerged  ot  ihw ch a modu el  si  co cenn t de  ot  ot  reh  

m stuo eht ot dna seludo i row ed l  d  
Ar utcetihc r :ngiseD la   

 ?erutcetihcrA yhW  
ehT  cetihcra tu er  si  not t eh  o arep tio lan  soft eraw . aR t ,reh  ti  si  a neserper tation t tah  ne a lb es  a  

t reenigne erawtfos o  :  
lana )1( y fo ssenevitceffe eht ez   gniteem ni ngised eht i uqer detats st i  ,stnemer  

)2(  redisnoc  cetihcra t laru  la t anre t vi es ta  a st ega  hw en am k gni  de ngis  cha gn es si  st lli  re al t vi el  y  
sae y  dna ,  

r eht ecuder )3( i cossa sks i w deta i urtsnoc eht ht cti fo no  os eht f erawt  .  
Im  : ecnatrop  

• elbane snoitatneserper erutcetihcra erawtfoS   sredlohekats gnoma snoitacinummoc  
• ihcrA t ce t eru  hgilhgih ts ae r yl  de ngis  d ce isions t tah  w lli  ha ev  a profo dnu  tcapmi  on t  eh  

tne lanoitarepo na sa metsys eht fo sseccus etamitlu i  yt  
• ehT  ihcra t ce t eru  itsnoc tut se  na  ni te cell tua yll  gr psa a elb  model of how t eh  s sy tem  si  

urts c  woh dna derut i oc st m got krow stnenop e  reht  
utcetihcrA r selytS la  – :1   

• nec ataD t  dere  
– elif  ro  esabatad  ta seil  t eh  nec t re  o  f t sih  ihcra tect eru  dna  si  cca e dess  uqerf ent yl  b  y  

oc rehto m  taht stnenop m  atad yfido  
utcetihcrA r  selytS la – :2   

• f ataD l  wo  
– tupni  atad  si  fsnart or dem  yb  a es r sei  of co atupm tio lan  co pm o nen ts ni to o  tuptu  

ad t  a  
– P epi  dna  lif t re  nrettap  sah  a tes  of co pm o nen ts ca dell  lif t ,sre  co nn ect de  yb  p pi e  s  

msnart taht i morf atad t  oc eno m txen eht ot tnenop  .  
– fI  t eh  ad ta lf ow ged e aren t se  ni to a elgnis  enil  of t fsnar or ,sm  ti  si  ter dem  ab tc  h  

 laitneuqes  
• tcejbO - neiro t  de  

– stnenopmoc  fo  sys t me  e acn psu al te ad ta dna  o arep tio ,sn  co mm u in cation eb t ew e  n  
oc m  stnenop i  gnissap egassem yb s  
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• Lay  dere  
– es v  lare lay fed era sre i  den  
– hcae  la rey  ep rfo smr  arepo tio sn  t tah  ceb o em  closer to t eh  am c enih  sni t cur tion  tes  

 rewol eht ni lay  sre  
utcetihcrA r  selytS la – :3   
er dna llaC t  nru  

– rp o s marg t cur t eru  ced o pm o ses  fu cn tion ni to contro rareih l ch  y with ma ni  rp o rg a  m  
ni v us lareves gniko b  smargorp  

 ngiseD erutcetihcrA erawtfoS – :1   
• oS f ot erawt  eved eb l  otni tup eb tsum depo c  txetno  

– m tne lanretxe ledo iti retni enifed dna se f  seca  
• hcra yfitnedI i tehcra larutcet y  sep  

– tcelloc i tcartsba fo no i  taht sno m  eb tsu m edo l s eht fi de y urtsnoc eb ot si mets c  det  
o tcejbO r A detnei r utcetihc r : e   

• ehT  co pm on ne ts of a s sy tem e acn psu al te ad ta dna  t eh  o arep tio sn  t tah  mu ts  eb  app deil  t  o  
etalupinam  the da at . C tacinummo i no  and tanidrooc i no  neewteb  oc m stnenop  i  s  

occa m v dehsilp i  a m ssap egasse i  gn  
 ngiseD erutcetihcrA erawtfoS – :2   

• s eht fo erutcurts yficepS y  mets  
– a enifed n t enifer d h os e f oc erawt m enop n  st n  ot dedee mi plemen cra hcae t h te  y  ep  

•  ssecorp eht eunitnoC i ret a litnu ylevit  oc a m hcra etelp i larutcet   devired neeb sah erutcurts  
 

eyaL r utcetihcrA de r :e   
• rebmuN  o tnereffid f  la srey  era  ,denifed  hcae  cca omp sil gnih  o arep tio sn  t tah  rp o visserg el  y  

oceb m c e l  eht ot reso m tcurtsni enihca i  tes no  
•  retuo eht tA lay  re – oc m repo ecafretni resu ecivres stnenop ati sno .  
•  renni eht tA lay  re – oc m s gnitarepo mrofrep stnenop y retni mets f  .gnica  
• retnI m  etaide lay tu edivorp sre li i tacilppa dna secivres yt i os no f tcnuf erawt i  no  

utcetihcrA r T e r  sisylanA ffoeda – :1   
1. ranecs tcelloC i  so  
2. cilE i uqer t i rcsed latnemnorivne dna ,stniartsnoc ,stnemer i tp i  no  
3. hcra ebircseD i larutcet  ts y ranecs sserdda ot nesohc snrettap/sel i uqer dna so i  stnemer  

• m  weiv eludo  
• ecorp s v s i  we  
• f atad l v wo i  we  

utcetihcrA r T e r  sisylanA ffoeda – :2   
4. avE l etau  lauq i yt  att ubir t se  in eped n ed n lt y .e( g. libailer ity, rofrep m ,ecna  tiruces y  ,  

tilibaniatniam y tilibixelf , y tilibatset , y etni ,ytilibasuer ,ytilibatrop , tilibarepor y  )  
5. snes yfitnedI i vit i  stniop yt f hcra ro i  erutcet  

• hcra eht ni gnignahc yb detceffa yltnacifingis setubirtta yna i  erutcet  
A gninifeR r utcetihc r :ngiseD la   

• eved evitarran gnissecorP l  depo f  hcae ro m udo l  e  
• rcsed ecafretnI i tp i vorp no i  ded f  ro  hcae m  eludo  
• lacoL  g dna l labo  urts atad c ifed era serut n  de  
• mil/snoitcirtser ngiseD i tat i  deton sno  
• oc sweiver ngiseD n  detcud  
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• snoc tnemenifeR i uqer fi dered i  dna der j  deifitsu  
Ar utcetihc r ngiseD la   
• ylrae nA  fo egats  ht s e y mets  .ssecorp ngised  
• eserpeR n t st h  e il  kn b ceps neewte ifi tac i a no n .sessecorp ngised d  
• Of rrac net i w lellarap ni tuo de i tacificeps emos ht i vitca no i .seit  
• am gniyfitnedi sevlovni tI j s ro y eht dna stnenopmoc mets i tacinummoc r i .sno  

e fo segatnavdA xpl ici a t r erutcetihc   
• ohekatS l tacinummoc red i no  

- hcrA i  erutcet m  a sa desu eb ya f d fo suco i ssucs i s yb no y mets  ohekats l  .sred  
• Sy  sisylana mets  

- lana taht snaeM y non sti teem nac metsys eht rehtehw fo sis -  si stnemeriuqer lanoitcnuf  
ssop ible  .  

• L ra ge-s ac l er e use 
- hcra ehT i  erutcet may s fo egnar a ssorca elbasuer eb y smets .  

 
Ar utcetihc r ahc metsys dna e r etca r scitsi   
• reP f ro man ec  

- irc esilacoL t itarepo laci o dna sn  c esiminim o acinumm t .snoi  U es  ar egral t reh  than nif e-  
arg i oc n m op n  .stne  

• uceS rity 
-  a esU lay ere hcra d i w erutcet i rc ht iti t ni stessa lac h  renni e lay sre .  

• efaS t  y  
- ytefas esilacoL - bus fo rebmun llams a ni serutaef lacitirc - smetsys .  

• ilibaliavA ty 
- oc tnadnuder edulcnI m  smsinahcem dna stnenop f  ro f ua l ot t l ecnare  .  

• libaniatniaM i  yt  
- enif esU - iarg per ,n l oc elbaeca m stnenop .  

Ar utcetihc r stcilfnoc la   
• egral gnisU - oc niarg m rep sevorpmi stnenop f  secuder tub ecnamro m libaniatnia ity. 
• libaliava sevorpmi atad tnadnuder gnicudortnI i  tub yt m ruces seka i  yt m uciffid ero l .t  
• L aco il sing efas ty- aler t de  f serutae  lausu ly m snae  m ero  co acinumm t noi  so deg ar de  d  

rep f ro m  .ecna  
ts metsyS r utcu r gni   

• w denrecnoC i oced ht m s eht gnisop y bus gnitcaretni otni mets -sy .smets  
• ehT  ihcra t ce t ngised laru  si  norma  yll e desserpx  as a lb o kc  d rgai a serp m ent gni  a  n o weivrev  o  f  

s eht y mets  rutcurts e.  
• cificeps eroM  gniwohs sledom  bus woh - sid era ,atad erahs smetsys t dna detubir  ni ter iw ecaf t  h  

 rehto hcae may eved eb osla l depo  .  
 

 gnikcaP r tnoc tobo r metsys lo   
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 dna xoB l gaid eni rams  
• eV ry tcartsba  - they od  ton  hs ow t eh  an t eru  of co pm one tn  re al tio spihsn  nor t eh  xe t nre all  y  

treporp elbisiv i bus eht fo se -sy  .smets  
• esu ,revewoH f  lu f tacinummoc ro i no  wi ohekats ht l  dna sred f orp ro j .gninnalp tce  

utcetihcrA r snoisiced ngised la   
• ihcrA t ce t laru  ngised  si  a erc at evi  rp o ssec  os  t eh  rp o ssec  d sreffi  ed pend gni  on t eh  t epy  o  f  

sy mets  eved gnieb l depo .  
• fo rebmun a ,revewoH  moc m siced no i a naps sno l corp ngised l sesse .  
• sI  eg a ereht n tacilppa cire i hcra no i ?desu eb nac taht erutcet  
• s eht lliw woH y ?detubirtsid eb mets  
• hcra tahW i larutcet  ts y rporppa era sel i ?eta  
• urts ot desu eb lliw hcaorppa tahW c erut  s eht y ?mets  
• s eht lliw woH y  otni desopmoced eb mets m udo le ?s  
• oc tahW n lort  ygetarts  uohs l ?desu eb d  
• hcra eht lliw woH i larutcet  ave eb ngised l ?detau  
• uohs woH l hcra eht d i ?detnemucod eb erutcet  
Ar utcetihc r  e r esue   
• Sy hcra ralimis evah netfo niamod emas eht ni smets i od tcelfer taht serutcet m .stpecnoc nia  
• lppA aci t noi  tcudorp  senil  era  bu tli  ra o dnu  a co er  ihcra t ce t eru  with av riants t tah  as t si f  y  

trap i otsuc raluc m uqer re i emer n  .st  
Ar utcetihc r selyts la   
• hcra ehT i  larutcet m s a fo ledo y  mets m noc ya f reneg a ot mro i hcra c i  larutcet m ledo  ts ro y .el  
• fo ssenerawa nA  t ts eseh y yfilpmis nac sel  melborp eht  fo  s gninifed y hcra mets i .serutcet  
• ,revewoH  tsom  egral  s sy t sme  era  eh t re o eneg o su  dna  od  not fo ll ow a elgnis  ra c ih t ce t ru a  l  

ts yl  .e  
Ar utcetihc r sledom la   
• ucod ot desU m hcra na tne i larutcet  .ngised  
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• tatS i  eht swohs taht ledom larutcurts c maj s ro y oc mets m stnenop  .  
• Dy  ssecorp ciman m ledo  erutcurts ssecorp eht swohs taht  fo  s eht y ets m. 
•  ecafretnI m bus senifed taht ledo -sy .secafretni mets  
• atad a sa hcus ledom spihsnoitaleR - s taht ledom wolf bus swoh - .spihsnoitaler metsys  
• bus woh swohs taht ledom noitubirtsiD - .sretupmoc ssorca detubirtsid era smetsys  

o metsyS r noitasinag   
• rts cisab eht stcelfeR a  ot desu si taht yget s s a erutcurt y ets m. 
• nagro eerhT i tas i ts lano y w era sel i yled  :desu  

• erahs A soper atad d i ts yrot y  ;el  
• s A h vres dera i ts srevres dna sec y  ;el  
•  tcartsba nA m  ro enihca lay ts dere y el .  

 ehT r otisope r ledom y   
• buS -sy  smets m atad egnahcxe tsu  . hT i am s y aw owt ni enod eb y :s  

• dleh si atad derahS  ad lartnec a ni t isoper ro esaba t dna yro  ma us lla yb dessecca eb y b-  
sy ets m  ;s  

• hcaE  sub-s sy t me  ma ni ta sni  its o nw  ad t esaba  a dn  ssap es ad ta xe p il cit yl  to ot reh  us b-  
sy ets m  .s  

• nehW  egral  ma uo nts of ad ta era  to eb  ,derahs  t eh  per o is tory model of s ah ri gn  si  mo  ts  
moc m lno y  .desu  

 
 
 
 
 
 
 
 

oot ESAC l utcetihcra tes re  
 
 
 
 
 
 
 
 
 
 
 

otisopeR r ahc ledom y r etca r scitsi   
segatnavdA   

• a egral erahs ot yaw tneiciffE mo fo stnu  ;atad  
• buS -s smetsy  deen  ton  eb  ecnoc r den  iw th how atad  si  rp o decud  neC tra desil  ma gan eme  tn  

e.g. ruces ,pukcab ity  .cte ,  
•  gnirahS m soper eht sa dehsilbup si ledo i yrot  .amehcs  

iD s gatnavda es  
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• buS -sy  smets m no eerga tsu  soper a i yrot   atad m edo l. c a ylbativenI o  ;esimorpm  
• ove ataD l tu i ;evisnepxe dna tluciffid si no  
• s oN c  epo f ;seicilop tnemeganam cificeps ro  
• uciffiD l d ot t i ltneiciffe etubirts y. 

tneilC - es r ledom rev   
• siD rt ubi t de  dom metsys e hs hcihw l o sw  how ad ta dna  rp o gnissec  si  d si t ubir t de  rca o ss  a  egnar  

fo  oc m op n  .stne  
• fo teS  dnats -al vorp hcihw srevres eno i  atad ,gnitnirp sa hcus secivres cificeps ed m  ,tnemegana  

etc  .  
• fo teS  eilc n hw st i ac hc l t no l h vres ese i  .sec  
• teN w a hcihw kro ll eilc swo n res ssecca ot st v .sre  

tneilC - es r ahc rev r scitsiretca   
Advan  segat  

• Di tubirts i  atad fo no i arts s i  ;drawrofthg  
• fo esu evitceffe sekaM  s dekrowten y ets m .s  uqer yaM i  ;erawdrah repaehc er  
• saE y  dda ot n res we v pu ro sre g xe edar i ts i srevres gn .  

Di  segatnavdas  
• oN  derahs  ad ta ledom  os  bus -s sy t sme  esu  d tnereffi  ad ta asinagro tio .n  aD t  a  

cretni h am egna y eiciffeni eb n  ;t  
•  tnadnudeR m emegana n res hcae ni t v  ;re  
• oN  nec t siger lar t n fo re a sem  civres dna es - ti  ma eb y  ot drah   dnif o tu  tahw  evres r  s  

an vres d i a era sec v ia l ba le  .  
tsbA r cam tca  )dereyal( enih m ledo   

•  ot desU m retni eht ledo f bus fo gnica -sy .smets  
• sesinagrO  t eh  s sy t me  ni to a tes  of la srey  (or sba t tcar  am c nih e )s  ae ch of w ih ch rp o ediv  a  tes  

fo  vres i ec s.  
• roppuS ts eht  mercni e latn  leved po tnem  of bus - sys t sme  ni  d reffi e tn  la .srey  W neh  a  reyal  

retni f  tnecajda eht ylno ,segnahc eca lay detceffa si re  .  
• o ,revewoH f  ot laicifitra net s urt c s erut y ets m aw siht ni s y. 

raludoM  oced m yts noitisop l se   
• bus gnisopmoced fo selytS -sy .seludom otni smets  
• tcnitsid digir oN i s neewteb no y inagro mets tas i  dna no m udo l oced ra m sop iti .no  

buS - etsys m  dna s m seludo   
• A bus -s sy t me  si  a s sy et m ni  its o nw  r thgi  hw o es  o arep tion si  edni pe dn e tn  of t eh  es r civ e  s  

vorp i b ded y bus rehto -sy ets ms  .  
• A modu el  si  a s sy t me  co pm o tnen  t tah  rp o sediv  se secivr  to ot reh  co pm onents tub  wo dlu  no  t  

ron m s etarapes a sa deredisnoc eb ylla y ets m.  
• tisopmoced raludoM i  no  
• bus erehw level larutcurts rehtonA -sy oced era smets m  otni desop m udo l .se  
• udom owT l oced ra m sop iti  no m derevoc sledo  

•  tcejbo nA m s eht erehw ledo y oced si mets m i desop  ;tcejbo gnitcaretni otn  
• A enilepip  or ad ta- lf ow mo led  w ereh  t eh  s sy t me  si  ced o pm o des  ni to fu cn tiona  l  

m snart hcihw seludo f stuptuo ot stupni mro .  
• aled eb dluohs ycnerrucnoc tuoba snoisiced ,elbissop fI y .detnemelpmi era seludom litnu de  

 tcejbO m edo ls  
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• s eht erutcurtS y llew htiw stcejbo delpuoc ylesool fo tes a otni mets - secafretni denifed  .  
• cejbO t- detneiro  isopmoced t noi  si  ecnoc r den  iw th nedi t gniyfi  tcejbo  ,sessalc  t rieh  ta t ubir t  se  

an tarepo d ions  .  
• nehW  mi p nemel t ,de  o cejb ts era  cr ae t de  rf om the es  class se  a dn  so em  control model u des  t  o  

repo tcejbo etanidrooc ations  .  
 

p eciovnI r metsys gnisseco   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

segatnavda ledom tcejbO   
• cejbO ts era  ylesool  uoc p del  os  rieht  mi p nemel tation nac  eb  m do deifi  witho tu  ceffa t gni  ot  reh  

bo j stce  .  
• bo ehT j  stce m laer tcelfer ya - row l tne d i seit  .  
• i OO m tatnemelp i w era segaugnal no i yled  .desu  
• ,revewoH  tcejbo  etni r ecaf  segnahc  ma esuac y  smelborp  dna  comp ne xel tities may eb  drah  t  o  

eserper n bo sa t j stce .  
oitcnuF n- gninilepip detneiro   

• tamrofsnart lanoitcnuF i eht ssecorp sno i .stuptuo ecudorp ot stupni r  
• er eb yaM f p a sa ot derre i if dna ep l  ret m .)llehs XINU ni sa( ledo  
• aV r nai ts of t sih  rppa o hca  era  ev ry co mm o .n  nehW  ofsnart r am ti sno  era  s neuqe t ,lai  t sih  si   a  

smetsys gnissecorp atad ni desu ylevisnetxe si hcihw ledom laitneuqes hctab  .  
• us yllaer toN i  elbat f s evitcaretni ro y ets m  .s  
Us re  tni e afr ec  des ngi   
• s erawtfos rof secafretni evitceffe gningiseD y smets  
• Sy  netfo sresu mets j s a egdu y  yb mets i  naht rehtar ecafretni st i tcnuf st i lano i  yt  
•  ot resu a esuac nac ecafretni dengised ylroop A m hportsatac eka i srorre c  
• retni resu rooP f  ngised eca i os ynam os yhw nosaer eht s f s erawt y ets m desu reven era s  
• Mo ts  sresu  of bu ssenis  s sy t sme  ni t tcare  with the es  s sy te sm  t rh o hgu  arg p cih al u res  ni ter caf es 

UG( I  )s  
• txet ycagel ,sesac emos nI - desu llits era secafretni desab  

resU  p ngised ecafretni r sseco   
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An la y es  dna  ecudorP  repap -  
und re s at nd us re  ba sed des  i  ng  

itca vit sei  protot  epy  

 
 
 

eD sign  
 epytotorp  

 
 
 

Ex uce t ba le  
pr  epytoto  

 
IU  p ngised r picni l se   

• railimaf resU i yt  
• ehT  ni ter ecaf  dluohs  eb  desab  on esu r-o neir t de  t smre   dna  

pecnoc retupmoc t  s  
• ,.g.E  na  eciffo  sys t me  hs uo dl  esu  co pecn ts us ch sa  el tt ,sre  do muc ent ,s  fold sre  etc  .  

d naht rehtar i rotcer i cte ,sreifitnedi elif ,se .  
• oC nsi ets n  yc  

• s ehT y mets  uohs l id d  etairporppa na yalps l  ycnetsisnoc fo leve  
• dna sdnammoC  dluohs sunem  eht evah  emas  of r c ,tam o p dnamm u cn t au tio hs n uo dl   eb  

cte ,ralimis  .  
• Mi in m rprus la ise 

• fI  a co dnamm  o arep t se  ni  a kno nw  wa ,y  t eh  u res  sh uo dl  eb  a elb  ot  erp d tci  t  eh  
repo ati oc fo no m ap  sdnammoc elbar  

• libarevoceR i yt  
• ehT  ivorp dluohs metsys d s e o em  ni ter  ecaf to resu  rre o dna sr  lla ow t  eh u res  to cer o  rev  

 srorre morf  
• ug resU i ad n ec  

• no ,smetsys pleh sa hcus ecnadiug resu emoS - .cte ,slaunam enil  sh uo l  d b lppus e i  de  
• srevid resU i yt  

• I t tnereffid rof seitilicaf noitcaretn y  detroppus eb dluohs resu fo sep  
•  ,.g.E som uciffid gniees evah sresu e l uohs txet regral os dna seit l  elbaliava eb d  

esU r- etni metsys r noitca   
• borp owT l etsys evitcaretni ni desserdda eb tsum sme m sed s i ng  

• uohs woH l  d tamrofni i vorp eb resu eht morf no i oc eht ot ded m s retup y  ?mets  
• s retupmoc eht morf noitamrofni dluohs woH y  ?resu eht ot detneserp eb mets  

 
etnI r yts noitca l se   

• Di  tcer m talupina i  no  
• saE i w psarg ot tse i  etaidemmi ht f  kcabdee  
• tluciffiD   margorp ot  

• eM  noitceles un  
• fe resU f a tro n  srorre d m mini i  dez  
• tanibmoc dna srebmun egraL i fo sno   melborp a seciohc  

 
 
 
 

Eva ed etaul si  ng  
wi t  h end-use  sr  

 
 
 

rP oduc  e  
dynam  ci desi  ng  

p or totyp  e  

Eval uat ed e si  ng  
w  hti end- su e  sr  

 tnemelpmI  
if n la  us  re  
tni  e  ecafr  

 
 
 
 
co pecn ts ar t reh  tha  n  
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• F  mro f lli -i  n  
• fo esaE   yrtne atad elpmis ,esu  
• deT i  a sekat ,suo l  ecaps neercs fo to  

•  larutaN l  egaugna  
•  taerG fo lausac r   sresu  
• trepxe rof suoideT   sresu  

rofnI m p noita r noitatnese   
• rofnI m ta i tatneserp no i  no i w denrecnoc s i s gnitneserp ht y ni mets f tamro i s ot no y mets  sresu  
• ehT  ofni r am t noi  may eb  detneserp  d ceri t yl  or may eb  t fsnar or dem  ni  so em  way fo  r  

tatneserp i no   
• ledoM ehT - weiV -  hcaorppa rellortnoC i  gnitroppus fo yaw a s mul tatneserp elpit i atad fo sno  

rofnI m psid noita l ya  
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us ed. P l ae  s c e ho os  e an oth  re na me  

 
Ch . 1 U 6  s i re  nt fre ace d esi gn 
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• w denrecnoC i  gniyalpsid rof seuqinhcet ht l tamrofni fo stnuoma egra i  no  
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• siV titne neewteb spihsnoitaler laever nac noitasilau i  atad eht ni sdnert dna se  
• v atad elbissoP i tasilaus i :era sno  

• rofni rehtaeW m ta i  no  
• et a fo etatS l  krowten enohpe  
• et dna serusserp tnalp lacimehC m  serutarep  
•  A m ledo   a fo mol  eluce  

ruoloC  psid l sya   
• Colo ru  sdda  na  xe t ar  isnemid on to na  ni t ecafre  a dn  can he pl  t eh  u res  ednu rst dna  comp el x  

tamrofni i  serutcurts no  
• pecxe thgilhgih ot desu eb naC t stneve lanoi  

• fo esu ehT  oc l  ot ruo c  etacinummo m  gninae  
rE r segassem ro   

• tirc si ngised egassem rorrE i yllac  tnatropmi  . segassem rorre rooP   resu a taht naem nac  
er j s a stpecca naht rehtar stce y  mets  

• uohs segasseM l lop eb d i oc ,et n oc ,esic n a tnetsis n urtsnoc d c  evit  
• repxe dna dnuorgkcab ehT i fo ecne  uohs sresu l nimreted eht eb d i  gn f  egassem ni rotca  

ised g  n  
esU r ave ecafretni l noitau   

• us sti ssessa ot tuo deirrac eb dluohs ngised ecafretni resu a fo noitaulave emoS i libat i yt  
• taulave elacs lluF i  rof lacitcarpmi dna evisnepxe yrev si no m s tso y ets ms 
• llaedI y uohs ecafretni na , l qer tsniaga detaulave eb d  
• evewoH rp eb ot snoitacificeps hcus rof erar si ti ,r o decud  

 
iT laeR m awtfoS e r ngiseD e   

• Sy oc dna rotinom hcihw smets n eht lort i vne r i tnemnor  
• venI i lbat  y w detaicossa i secived erawdrah ht  

• morf atad tcelloC :srosneS  s eht y mets  emnorivne n  t  
• i( egnahC :srotautcA aw emos n y s eht ) y mets '  tnemnorivne s  

• rc si emiT i acit l. laeR - s emit y w dnopser TSUM smets i  semit deificeps niht  
• laer A - emit  sys t si me  a so erawtf  sys t  me w ereh  t eh  co tcerr  cnuf tio gnin  o  f t eh  s sy te  m d pe e  sdn  

user eht no l s eht yb decudorp st y mets  it eht dna hw ta em i user eseht hc l  decudorp era st  
• A ‗soft‘ laer -t emi  s sy t si me  a s sy t hw me o es  o arep tion si  d dedarge  fi  results era  not rp o  decud  

t ot gnidrocca h uqer gnimit deificeps e i er men  st  
•  A ‗ ‘drah  laer -t emi  s sy et a si m  sys t hw me o es  o arep tion si  cni o tcerr  fi  ser ults era  not rp o  decud  

tacificeps gnimit eht ot gnidrocca i  no  
itS mul smetsyS esnopseR/su   

• its a neviG m s eht ,sulu y w esnopser a ecudorp tsum mets i emit deificeps a niht  
• c 2 l sessa  
• reP i do i ts c mi lu i. itS m  rucco hcihw ilu a derp t i slavretni emit elbatc  

• F axe ro m et a ,elp m  rosnes erutarep m  dnoces rep semit 01 dellop eb ya  
• repA i do i ts c i lum i. ta rucco hcihw ilumitS   semit elbatciderpnu  

• For ,elpmaxe  a s sy t me  po rew  eruliaf  may t reggir  na  ni t tpurre  ihw ch mu ts   eb  
s eht yb dessecorp y  mets  

Ar utcetihc r isnoc la ed r snoita   
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• esuaceB  o  f t eh  deen  to pser o dn  ot  t gnimi  demands am de by d reffi e tn  st mi uli / re ps o sn e ,s  t  eh  
sy hcra mets i  erutcet m la tsu l  wo f ws tsaf ro i  sreldnah sulumits neewteb gnihct  

• gnimiT  sdnamed  of d tnereffi  st mi u il  era  d reffi e tn  os  a mis p el  uqes ential loop si  not usu all  y  
 etauqeda  

 laeR – iT m awtfoS e r :ngiseD e   
• s erawtfos deddebme gningiseD y  stniartsnoc gnimit ot tcejbus si ruoivaheb esohw smets  
• oT  xe pla ni  t eh  co tpecn  of a laer -t emi  s sy t me  dna  w yh  the es  s sy et sm  era  su uall  y  

pmi lemen oc sa det n erruc n  sessecorp t  
• sed a ebircsed oT i  ssecorp ng f laer ro - s emit y  smets  
• pxe oT l or eht nia l laer a fo e -  evitucexe emit  
• oT  ecudortni  eneg r ci  ihcra t serutce  for inom to gnir  dna  control a dn  ad ta qca u isi tio  n  

sy ets m  s  
 

aeR l- it m tsys e :sme   
• Sy  tnemnorivne rieht lortnoc dna rotinom hcihw smets  
• venI i w detaicossa ylbat i  secived erawdrah ht  

– morf atad tcelloC :srosneS  s eht y mets   tnemnorivne  
– aw emos ni( egnahC :srotautcA y s eht ) y mets '  s  

vne i nor men  t  
• rc si emiT i acit l. laeR -t tsys emi TSUM sme   semit deificeps nihtiw dnopser  

noitinifeD :  
• laer A - s erawtfos a si metsys emit y tcnuf tcerroc eht erehw mets i s eht fo gnino y  mets  

user eht no sdneped l yb decudorp st  s eht y mets  hw ta emit eht dna i user eseht hc l  era st  
rp o ecud d  

• A ‗ laer ‘tfos - it s em y s a si mets y repo esohw mets ati user fi dedarged si no l  ton era st  
ca decudorp c uqer gnimit deificeps eht ot gnidro i emer n  st  

• A ‗ laer ‘drah - s a si metsys emit y  ton era stluser fi tcerrocni si noitarepo esohw mets  
ificeps gnimit eht ot gnidrocca decudorp tac i  no  

itS mul etsyS esnopseR/su m :s   
• s a neviG t a ecudorp tsum metsys eht ,sulumi   emit deificeps a nihtiw esnopse  
• reP i ts cido mi lu i. St emit elbatciderp ta rucco hcihw ilumi   slavretni  

– axe roF m et a ,elp m  rosnes erutarep m  dnoces rep semit 01 dellop eb ya  
• A rep i lumits cido i. batciderpnu ta rucco hcihw ilumitS l  semit e  

– na reggirt yam eruliaf rewop metsys a ,elpmaxe roF   eb tsum hcihw tpurretni  
s eht yb dessecorp y  mets  

Ar utcetihc r edisnoc la r :snoita   
• esuaceB  of t eh  deen  to pser o dn  ot  t gnimi  named ds am de by d reffi e tn  st mi u pser/il o  ,sesn  

s eht y hcra mets i la tsum erutcet l ws tsaf rof wo i  sreldnah sulumits neewteb gnihct  
• gnimiT  sdnamed  of d tnereffi  st mi u il  era  d reffi e tn  os  a mis lp e uqes ential l oo p si  no  t  

ausu lly  etauqeda  
• laeR -t emi  s smetsy  era  usu a yll  ised deng  sa  coo arep t gni  rp o sessec  with a er al-t  emi  

oc evitucexe n ort ill t gn h  sessecorp ese  
A r lae - it m etsys e m m edo l:  
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neS  so r neS  so r neS  so r neS  so r neS  so r neS  so r 

 
 
 
 

aeR l-ti c em o  n  
t or  l sys te  m  

 
 
 
 

A tc  uat or A tc  uat or A tc  uat or A tc  uat or 
 

etsyS m ele m :stne   
• oc srosneS n lort  orp  sessec  

– tcelloC  rf noitamrofni o .srosnes m  tamrofni reffub yaM i  ot esnopser ni detcelloc no  
 rosnes a st mi ul  su  

• p ataD r seco s  ro  
– rraC i fo gnissecorp tuo se  ni detcelloc f tamro i oc dna no m s eht setup y mets   esnopser  

• rtnoc rotautcA o  l  
– lortnoc setareneG  is  slang f  rotautca eht ro  

R- p ngised smetsys T r :sseco   
• fitnedI y its eht m t dna dessecorp eb ot ilu h uqer e i t ot sesnopser der h  ilumits ese  
•  ,esnopser dna sulumits hcae roF i  stniartsnoc gnimit eht yfitned  
• etagerggA  eht  sulumits  dna  esnopser  rp o gnissec  ni to co tnerrucn  rp o .sessec  A rp o  ssec  

w detaicossa eb yam i fo ssalc hcae ht  umits l  esnopser dna su  
• ngiseD  a gl o ir t smh  to rp o ssec  ae ch cla ss  of st mi u sul  a dn  pser ons .e  esehT  tsum  teem   eht  

uqer gnimit nevig i emer n  st  
• ngiseD  a dehcs u gnil  s sy tem w ih ch w lli  e rusn e that rp o sessec  era  st ra t de  ni  t emi  to  teem  

eht i  senildaed r  
• rgetnI a laer a gnisu et - repo ro evitucexe emit a s gnit y  mets  

 
 
 

iT m tsnoc gni r :stnia   
• May eriuqer  evisnetxe  alumis tion a dn  exper tnemi  ot  erusne  t tah  t eseh  era  tem  by t  eh  

sys et  m  
• May naem  th ta  rec t nia  ngised  st ar t seige  us ch sa  o cejb t- iro ent de  ised gn ca nn ot eb   desu  

fo esuaceb  dda eht iti revo lano h ni dae v lo v  de  
• May naem  t tah  low-le lev  rp o gnimmarg  egaugnal  aef t seru  ha ev  to eb  desu  fo  r  

rep f ro m  snosaer ecna  
laeR - p emit r go r :gnimma   
• draH - laer  t emi  sys te sm  may ha ev  to rp o mmarg ed ni  ssa e ylbm  la egaugn  ot  erusne  t  tah  

 era senildaed m  te  
• segaugnaL  sa hcus  lla C ow iffe cie tn  rp o smarg  to eb  wri tt ne  tub  od  ton  evah  co sn t cur t  ot s  

cnerrucnoc troppus y  ecruoser derahs ro man emega n  t  
• adA  as a egaugnal  ed is g den  to troppus  laer -t emi  s sy te sm  ngised  os  ni c dul es a reneg al  

 esoprup c  msinahcem ycnerrucno  
noN - etsys pots m oc m tnenop s:  
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• tarugifnoC i  no man  rega  
– opseR nsible f ro  the dynam ci  arugifnocer tion of the sys t  me  

erawtfos  dna  h erawdra . erawdraH  seludom  may eb  er p decal  dna  soft  eraw  
w dedargpu i  tuoht s s eht gnippot y ets m  s  

• uaF l  t m  regana  
– opseR nsible f ro  eted cting so erawtf  dna  h erawdra  f ua l st  an  d  

t gnika  rppa o etairp  ca tio sn  .g.e(  swit gnihc  ot  pukcab  d )sksi  to erusne  t tah  t  eh  
sy tarepo ni seunitnoc mets i  no  

uB r g.e metsys mrala ralg   
• A s sy tem si  qer u deri  to mo in ot r snes o sr  on doo sr  dna  w dni o sw  to ed t tce  t eh  serp e ecn  o  f  

in  sredurt i  a n b iu ldi  gn  
• nehW  a snes or ni d aci t se  a aerb k- ,ni  t eh  s sy et m swit hc es on hgil ts ra o dnu  t eh  aera  na d  

tamotua ecilop sllac i  yllac  
• s ehT y uohs mets l vorp edulcni d isi repo rof no ati w no i  a tuoht m  ylppus rewop snia  
• eS n  sros  

• d tnemevoM e et c es wodniw ,srot n srosnes rood ,sros  .  
•  002 dna srosnes rood 03 ,srosnes wodniw 05 m eted tnemevo c  srot  
• oV l pord egat   rosnes  

• tcA i  sno  
• dellac era ecilop ,detceted si redurtni na nehW   .yllacitamotua  
• Li ws era sthg i oor ni no dehct m w s i srosnes evitca ht  .  
• ws si mrala elbidua nA i no dehct .  
• s ehT y ws mets i otua sehct m ta i ov a nehw rewop pukcab ot yllac l  pord egat i  s  

ed et c  .det  
R ehT - etsys T m p ngised r seco s:  

• fitnedI y ilumits  cossa dna i  sesnopser deta  
• w detaicossa stniartsnoc gnimit eht enifeD i  esnopser dna sulumits hcae ht  
• lA l s etaco y  mets f tcnu i  ot sno c  sessecorp tnerrucno  
• rogla ngiseD i  smht f its ro m issecorp sulu tareneg esnopser dna gn i  no  
• s gniludehcs a ngiseD y mets  awla lliw sessecorp taht serusne hcihw y  ot deludehcs eb s  
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itS mul esnopseR/su   gnimiT r iuqe rem stne   
 rewoP f i lia n tpurret  ehT  iws t hc  to pukcab  po rew  tsum  eb  comp el t  de  

wi fo enildaed a niht  sm 05  .  
mrala rooD  a rood hcaE l mra  uohs l wt dellop eb d i dnoces rep ec .  

ala wodniW rm hcaE  w dni ow ala rm hs ou dl  eb  po dell  t eciw   rep  
second  .  

rotceted tnemevoM  hcaE  mo tnemev  ed t rotce  hs o dlu  eb  dellop  t iw ce  rep  
second  .  

ala elbiduA rm ehT  ua dib el  ala rm hs uo dl  eb  swi ct deh  on wit nih  1  2/  
a na fo dnoces l ar gnieb mra i b des y rosnes a .  

ws sthgiL i hct  ehT  sthgil  dluohs  eb  iws t dehc  on wit nih  2/1  ces o  dn  
fo  yb desiar gnieb mrala na  rosnes a .  

tacinummoC i sno  ehT  llac  to t eh  po il ce shou dl  eb  st ra t de  iw t nih   2  
fo sdnoces  b desiar gnieb mrala na y rosnes a .  

oV i s ec y tn h se i res  A nys t desiseh  egassem  ohs u dl  eb  ava li a elb  wit nih   4  
fo sdnoces  iar gnieb mrala na b des y rosnes a .  
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S neri   ; )( neriS wen = neris  
sthgiL  hgil t wen = s  hgiL t  ; )( s  

Sy s rezisehtn y S wen = rezisehtn y  ; )( rezisehtn  
W ; )03( srosneSrooD wen = srood srosneSrooD i srosneSwodn  

wen = swodniw  dniW o sneSw o )05( sr   ;  
 srosneStnemevoM m  ; )002( srosneStnemevoM wen = stnemevo  

MrewoP wen = mp rotinoMrewoP o in to  ; )( r  
 

iuB  )(rotinoMgnidl  
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//  ni i lait i lla es  th es e n a sros n t trats d h  sessecorp e  
si  ; )( trats.sthgil ; )( trats.ner  
sy  ; )( trats.swodniw ; )( trats.rezisehtn  

nemevom ; )( trats.srood t trats.s   ; )( trats.mp ; )(  
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 eht llop // m  srosnes tnemevo a  t l wt tsae i  )zH 004( dnoces rep ec  

m  = evo m laVteg.stnemevo   ; )(  
//   srosnes wodniw eht llop a  t l wt tsae i oces/ec n  )zH 001( d  

wi w = n ni laVteg.swod   ; )(  
//   ta srosnes rood eht llop l wt tsae i  )zH 06( dnoces rep ec  

 ; )( laVteg.srood = rood  
fi  (m laVrosnes.evo  es.rood | 1 == n laVros  laVrosnes.niw | 1 ==   )1 ==  

{ 
//  es a n  ros h  sa ni di  na detac ni  redurt  
fi  (m laVrosnes.evo   )1 ==  
fi  laVrosnes.rood(   )1 ==  
fi  iw( n es. n laVros   ) 1 ==  

 
oor( no.sthgil m ; )  eris n s ; )( no. yn  ; )moor( no.reziseht  

b er  ; ka  
}  

} 
s ; )( nwodtuhs.sthgil i s ; )( nwodtuhs.ner yn  ; )( nwodtuhs.reziseht  

vom ; )( nwodtuhs.srood ; )( nwodtuhs.swodniw e )( nwodtuhs.stnem   ;  
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